Separation on the basis of molecular weight resolved three proteins specific to the swarmer cell of Hyphomonas jannaschiana. In the reproductive cell, 4 major proteins were identified as cytoplasmic and 10 were identified as envelope. Of these envelope proteins, one was common to both the inner and outer membranes, four were common to the inner membrane, and five were common to the outer membrane. Four of these outer membrane proteins were specific to the reproductive cell, and two of these proteins, with apparent molecular weights of 116,000 and 29,000, constituted 19% of the total cell protein and 54% of the outer membrane protein.
jannaschiana temporally and spatially modulates its array of proteins.
Original isolates of H. jannaschiana VP3 (ATCC 33884) were obtained from H. Jannasch and J. Poindexter. One-liter quantities of cells were grown in Marine broth 2216 (Difco Laboratories, Detroit, Mich.) at 37°C, shaken at 160 rpm on a gyratory water bath shaker (Model G 76; New Brunswick Scientific Co., Inc., Edison, N.J.), and harvested during early stationary phase of growth at 3,600 x g for 10 min (Sorvall RC-5B refrigerated superspeed centrifuge, equipped with a Sorvall SA 600 fixed-angle head rotor). The supernatant was enriched for swarmer cells, and the pellet was * Corresponding author.
enriched for reproductive cells (23 To separate the outer and inner (cytoplasmic) membranes, cell envelopes were suspended in Tris A mixed with Nonidet P-40 at a 0.5% (vol/vol) final concentration at 20°C for 30 min and centrifuged at 100,000 x g for 1 h at 4°C. The supernatant was used as the inner membrane fraction, and the Tris A-washed pellet was used as the outer membrane fraction (7) . All preparations were dialyzed for 24 h against two changes of 10 mM Tris hydrochloride (pH 7.8) at 4°C and stored at -20°C. Protein concentrations were determined by the method of Bradford (4), with bovine serum albumin as the standard. Outer membranes, separated by sucrose gradients as previously described (3), contained the same protein profile as the Nonidet P-40-isolated membranes.
Protein profiles were determined by using sodium dodecyl sulfate-polyacrylamide gel electrophoresis (15; see sentative CBB-stained gel (Fig. 1A) . A total of 31 major proteins were detected in the swarmer cell, and 24 major proteins were detected in the reproductive cell. Additional proteins were detected by using a silver stain, particularly at MWapp < 50,000 (Fig. 1B) . Both silver-and CBB-stained gels are presented (Fig. 1A and B) . Although the silver stain provides 10-to 100-fold-better sensitivity, it did not stain several proteins, particularly those that took up the Schiff stain (data not shown). These were putative glycoproteins, with MWapp of 116,000, 94,500, 77,400, and 52,000.
Since proteins from one cell type or fraction may have contaminated one another, the specific site for a number of proteins was assessed based upon obvious quantitative differences ( Fig. 1 10 proteins were associated with the cell envelope, of which four proteins were isolated with the inner membrane fraction and five with the outer membrane fraction. One protein at a MWapp of 61,000 was found in both the inner and the outer membrane fractions (Table 1) .
More proteins were detected by the greater resolution achieved in this study (Fig. 1A , lane 5) than had been described previously (6) . One protein with a MWapp of 14,000, however, was not confirmed here with gels of larger porosity (10% T rather than 11.5% T). Another protein with a MWapp of 64,000 was detected in trace quantities in reproductive cells (Fig. 1) and is thought to be a heat shock, stress protein which would be synthesized in low quantities by cells grown and harvested under optimum conditions (L. Dagasan, Ph.D. dissertation, University of Maryland, College Park, 1985) .
Two of the four reproductive cell outer membrane proteins, with MWapp of 116,000 and 29,000, were most interesting. They constituted 54% of the total reproductive cell protein but were difficult to detect in swarmer cell preparations. The 116,000-MWapp protein may be a tetramer of the 29,000-MWapp protein. These predominant outer membrane glycoproteins are putative S-layer components (20) .
